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It is a privilege to have been invited to report before the Society of Investi-
gative Dermatology on the major cancer research project of Barnard Hospital.
In doing so I shall endeavor to cover the work done by our group of investigators
since the last summarizing report was made at the symposium held in honor
of Dr. R. R. Bensley at the University of Chicago in November 1942
(Cowdry, 1943).
At that time it was explained that our purpose was to discover how cancer
begins in previously normal tissue. We think that we have chosen more favor-
able material than others before us and have brought to bear on the problem
a greater concentration of the best available techniques over a longer period
of time. The principle is not unlike that underlying the direction of a military
offensive against a very limited but carefully selected part of the front backed
by better weapons and greater force than have hitherto been used.
Epidermis was selected as the tissue because it is made up of cells of a single
kind conveniently arranged in layers of increasing differentiation, and because
of its avascularity, which greatly simplifies chemical analysis. Mice of closely
inbred strains were employed so that individual variation would be reduced
to a minimum. Methyicholanthrene was chosen as the carcinogen because
it is obtainable in a chemically pure state, and is related chemically to some
compounds naturally occurring in the body. Moreover this substance is under
detailed investigation from several angles in the National Cancer Institute and
the better it becomes known the more intelligible will be our work on its action.
The biological equation that we are trying to analyse is therefore: epidermis
of similar mice + methyicholanthrene in benzene —+cancer quickly and fairly
uniformly. This analysis is limited to properties of epidermis that can be
quantitatively determined. Our purpose is integrative to discover whether the
properties increase, decrease or remain constant; when there is a change, the
direction and rate of change and whether it is paralleled by alterations in other
properties. It is, of course, not possible to investigate many properties in one
and the same carcinogenic series; but, by making all the series as similar as
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possible through standardization of experimental conditions, the results can
in a sense be superposed.
Because each property studied is to some extent a problem in itself, though
an integral part of the whole, the papers by various members of the team are
units. This is helpful for it promotes individual initiative, gives credit where
credit is due and makes it unnecessary to head the contributions by a long
series of names.
Expansion in a project thus organized is simple. Progress meetings are held
every two weeks with the dual object of bringing to bear the experience of all
the workers on the advancement of each unit investigation and of initiating
the study of other properties of epidermis to the greatest advantage of the whole
project. Before a new line of inquiry is commenced all must be satisfied, that
it is important, that the suggested technique will yield quantitative data (as
determined by preliminary experiments), that a qualified person can be found
to do the work, and that adequate additional financial support can be obtained
in order not to jeopardize studies already under way. This orderly procedure
prevents spread at the expense of thoroughness.
1938—1942
A brief review of work in the first 5 years ending in 1942 helps one to see the
more recent results in their proper perspective. The literature was reviewed
(Cowdry, 1940). Experimental factors that influence the biological equation
were evaluated and techniques improved.
Thus, the effect of solvents for the methylcholanthrene was checked by
Stowell and Cramer (1942), while the relation between macroscopic and micro-
scopic alterations was investigated by Cramer and Stowell (1942, 1942a).
Some technical improvements were made (Wicks, 1941, 1942, 1942a; Wicks and
Firminger, 1942; Stowell, 1942, 1942a). Routine urine analyses revealed the
normal occurrence of considerable proteinuria in male mice which was absent
in females (Wicks, 1941a)—an observation contraindicating the assumption
that the carcinogen is necessarily equally disposed of in both sexes. The dis-
covery by Cooper and Franklin (1940) of a 24 hr. rhythm in frequency of mitosis
in epidermal cells with maximum frequency by day and minimum by night
(the reverse of what happens in human epidermis, Cooper and Schiff, 1938,
Cooper, 1939) showed the importance of excising tissues for examination uni-
formly at the same time of day. Carruthers (1939, 1942) experimented with
vitamin E and A determinations but did not bring the techniques to the point
of usefulness in analyses of epidermis. Many experiments demonstrated the
futility of analysis of epidermis with dermis attached. A satisfactory method
for the separation of epidermis from dermis, in a condition suitable for analysis,
was devised by Baumberger, Suntzeff and Cowdry (1942). Because so little
tissue was available, attention was turned to the polarograph as an analytic
instrument and a polarographic technique for the quantitative determination
of sodium in epidermis was introduced by Carruthers as well as a photometric
method for ascorbic acid (1943, 1942a). The technique of fluorescence micros-
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copy was adjusted to the skin and the course of the entering carcinogen was
thereby investigated in 1942 (Simpson and Cramer, 1943).
Progress was made in the integration of alterations in certain properties of
the reacting epidermis; but it is not easy to sketch in a few words, with just the
right emphasis, what has been learned. On the histological side nuclear and
cellular volumes of spinous and basal cells increase. The percentage increase
of the spinous cells is greater (Cowdry and Paletta, 1941). This may be re-
lated to the fact that the change in mineral residue (Ca and/or Mg), seen in
microincinerated epidermises, is greater in the spinous than in the basal layers
(Paletta, Cowdry and Lischer, 1941).
The cells increase in number (hyperplasia) as well as in size. The frequency
of mitosis, determined by counts of whole epidermis, is increased at 2 days,
continues to increase to 16 days, remains fairly constant to 51 days, then de-
creases and finally increases (Cooper and RelIer, 1942). This high plateau
of frequency (16—51 days) appears to be coincident with lack of significant
change in the nucleocytoplasmic ratios of spinous and basal cells which remain
approximately unchanged for at least 50 days after an initial decrease (Cowdry
and Paletta, 1941).
The displaceability of basophilic chromatin and nucleoli under the influence
of ultracentrifugal force increases and is maximum in the malignant cells, but
the degree of change is difficult to measure quantitatively and consequently
to relate to alterations in the other properties (Cowdry and Paletta, 1941a).
The influence of coichicine on the production of a temporary summation of
mitoses was tested by Paletta and Cowdry (1942) without bringing to light
any conspicuous alteration in the carcinogenic series except that the density
of the chromosome clumps in the resulting cancers seemed to have been in-
creased by the coichicine. It was greater than in normal epidermis and in
epidermis made hyperplastic by the carcinogen.
Thymonucleic acid decreases from the normal mean of 18.4 to 14.6 at 12 days
and to 13.7 at 23 days. The range of variation increases and is even more
marked in the resulting cancers. These observations were made by measuring
the intensity of the color of the Feulgen reaction for thymonucleic acid in
sections with a specially constructed electrophotometer (Stowell, 1942b). But
integration with the other findings is not feasible, because the measurements
did not extend over a sufficiently long period and were of unit areas which
included cytoplasm.
Several indicators of hydrogen ion concentration were injected, but the
color changes were faint and not sufficiently sharp to justify conclusions so
that the observations were not published (Wicks).
For chemical analyses the epidermises of several treated mice were pooled
in order to obtain adequate material for each determination. This, also, ironed
out individual variations to some extent. It was found that the lipid: protein
nitrogen ratio is definitely decreased as early as 2 days after a single application;
that this decrease amounts to 60 per cent at 5 days and persists at 10 days
(Wicks and Suntzeff, 1942).
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The iron and calciutn : nucleoprotein-phosphorus ratios are decreased about
50 per cent 10 days after one application and remain at about this level until
cancer develops while no significant alterations in the ascorbic acid and sodium:
nucleoprotein-phosphorus ratios take place (Carruthers and Suntzeff, 1942;
Suntzeff and Carruthers, 1943).
Obviously, a new kind of chemical equilibrium is established early in the
reacting epidermis characterized by decrease in lipid, calcium and iron without
change in ascorbic acid and sodium which equilibrium persists for the minerals
until cancer develops. This new equilibrium is coincident with the development
and maintenance of a smaller nucleocytoplasmic ratio and may not be unrelated
to the plateau in mitotic frequency which has been mentioned. The decrease
in calcium, determined by analysis, checks with the demineralization, revealed
by micro-incineration, if the fiat white ash is mostly calcium as is likely. The
decrease in iron may have some connection with the early depression in thy-
monucleic acid (which is mostly nuclear) and to the increase in displaceability
of basophilie chromatin and nucleoli. The greater percentage increase in volume
and the more marked dernineralization of the spinous layer, as compared with
the basal layer, focus attention on the spinous layer.
1943—1945
In the period under review, subsequent to 1942 and to papers mentioned
above completed in 1942 but published in 1943, the results obtained may be
given in greater detail. Improvements have been made in technique (Stowell
and Albers, 1943; Wicks and Suntzeff, 1943; Wicks and Carruthers, 1945).
The quantitative evaluation of skin carcinogenesis has been advanced (Cramer
and Stowell, 1943). Carcinogenesis, evoked by a single application o methyl-
cholanthrene (Cramer and Stowell, 1943a; Simpson and Cramer, 1943), has
provided suitable material for the study of very early responses, though the
standard method of application is adhered to for most of the work so as to
avoid an alteration in experimental conditions which would preclude the stacking
up of the observations and their integration.
HISTOLOGICAL STUDIES
1. Mitotic frequency
The observations, already made, were on epidermises beginning 2 days after
the first application of carcinogen. To complete the picture it was important
to ascertain what the earlier response might be. Consequently 3 specimens
were examined every 6 hrs. in this 48 hr. period and the mitoses per 15,000
nuclei were counted in each. The frequency of mitosis is expressed graphically
in figure 1. The counts at 6 and 12 hrS. were not significantly different from
those of untreated epidermis. Thereafter the mitotic frequency exceeded that
of normal epidermis indicating an early stimulating effect of the carcinogen (or
of its products) on cell division (Reller and Cooper, 1944).
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2. Differential mitotic frequency
All determinations of mitotie frequency described thus far were made by
counting all mitoses and non-dividing nuclei seen in whole mounts of epidermis,
viewed from inside out, and consequently gave no information as to the changing
frequencies in the several layers. Since, to ascertain what these might be
would enable us further to contrast the behavior of the spinous and basal layers,
differential counts were made of normal epidermis and then of reacting epidermis.
Because the normal epidermis of the back, before application of carcinogen,
consists only of 2 or 3 layers of cells, the spinous layer, in which we are parti-
cularly interested, is practically absent. We, therefore, turned to the normally
many layered epidermis of the foot pads of mice in which there is a well de-
veloped spinous layer. Colchicine was administered in the usual way; because,
under the influence of this drug, cells freely enter mitosis, but are prevented
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FIG. 1. MITOTIC FREQUENCY
(Reller and Cooper, 1944)
from completing the process, so that larger numbers of mitoses can be counted.
In sections of colchicinized epidermis it was discovered that the percentage
mitotic frequency in the spinous layer is considerably greater than in the basal
layer (Cowdry and Thompson, 1944).
Employing the same technique, differential mitotic counts are now being
made of epidermis—becoming hyperplastic in response to the carcinogen—in
order to ascertain whether, during carcinogenesis, it is similarly the spinous
layer in which cell division is most active (Van Dyke and Geren, in preparation).
3. Chromosome enlargement
Since qualitative differences may occur in the nuclei, in addition to the in-
crease in displaceability of their contents already alluded to, attention was
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directed to the chromosomes. Their study is an even more arduous task than
the counting of mitoses because chromosomes can only be counted and measured
in the metaphases seen in squash preparations of whole cells. As early as 2
days after the first application of carcinogen an instance of chromosomes defi-
nitely doubled in volume was observed. Thereafter other examples were seen
while a few metaphases showed quadrupling in volume of chromosomes and
some irregularities in number. The frequency of enlarged chromosomes is
given in figure 4. It was 13% at 3 days. At 10, 20, 29 and 57 days the per-
Fic. 2. METAPHASES IN NORMAL, UNTREATED EPIDEIMTS (A AND B) AND IN EPIDERMIS
TREATED ONLY WITH BENZENE (C AND D)
Neither show any enlargement of chromosomes (Biesele and Cowdry, 1944)
centages were approximately equal indicating the existence of a kind of plateau
in frequency calling to mind that already referred to in other properties. Later
on in the series considerable variability was encountered. All the percentages
over 50 were in the resulting cancers; but in the precancerous hyperplasias it
was not possible to ascertain definitely whether the percentage frequency of
chromosome abnormalities was greater in the spinous than in the basal layer
because the layers were completely broken up in making the squash prepara-
tions (Biesele and Cowdry, 1944).
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4. Ribonucleic acid
This nuclear component is known to be present in considerable quantities
in the cytoplasm of rapidly multiplying cells and in cells engaged in the synthesis
of protein for secretion. It was deemed important to search for quantitative
changes during carcinogenesis. As early as 12 hrs. after a single application
of methyicholanthrene the epidermal cytoplasmic content of ribonucleic acid
increased markedly, it attained a maximum from the 3rd to the 10th day,
FIG. 3. METAPHASES IN EPIDERMIS TSEATED WITH METHYLCHOLANTHRENE
A.—69 doubled chromosomes averaging B.—883 enlarged chromosomes, averaging
3.O, C.—Tetraploid number of chromosomes, D.—129 Diplochromosomes averaging l.1
(Biesele and Cowdry, 1944).
dropped to an intermediate value by the 57th day oniy to rise again in one can-
cer studied; while in control epidermises, treated only with benzene (the solvent
of the carcinogen), the ribonucleic acid content remained at normal levels.
It is an interesting fact that the initial increase in cytoplasmic ribonucleic
acid occurred so promptly. In the carcinogenic response it antedated the other
modifications measured. The increase in mitotic frequency was first noted at
18 hrs. which is 6 hrs. later. Cytoplasmic enlargement was first observed in
preparations made considerably later but it may have commenced at about the
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same time. Evidence of a correlation between increase in ribonucleic acid and
enlarged chromosomes is lacking (Biesele, 1944).
5. Alkaline phosphatase
Preparations showing alkaline phosphatase activity were made (by Gomori's
method) of strips of treated skin adjacent to those employed for the study
of chromosomes and ribonucleic acid. By the second and third days after
the beginning of treatment with methyicholanthrene, considerable phosphatase
activity was assumed by the nuclei of the epidermal basal cells and by the
reticular layer of the dermis. As epidernial hyperplasia progressed and hair
follicles were destroyed the phosphatase activity of epidermis and reticular
layer decreased. Basal epidermal cells, close to positively reacting dermal
elements such as capillaries, showed greater phosphatase activity than those
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FIG. 4. FREQUENCY or METAPHASES WITH ENLARGED CHROMOSOMES
(Biesele and Cowdry, 1944)
more remote. The activity was much greater in papillomas and carcinomas
than in antecedent stages in response to the carcinogen. Since, however, this
was of about equal intensity in both these tumors, whereas the frequency of
chromosome enlargement was very different, no correlation was apparent be-
tween alkaline phosphatase activity and chromosome enlargement (Biesele,
J. J. and M. Mc., 1944).
6. Mitochondria
With the idea that the early decrease in the lipid:protein nitrogen ratio
discovered by Wicks and Suntzeff might in part be checked and the layer of
maximum change identified by histological study of mitochondria, Chanai
Ruangsiri took up the search for alterations in mitochondria as a doctor's thesis.
He found no conspicuous changes in mitochondrial content during early stages
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in the response of epidennal cells to methyicholanthrene. But he joined the
Army before any definite conclusions were warranted.
Obviously, we have ehoen for study only a small fraction of the properties
of epidermis which can and should be quantitatively determined microscopically
during carcinogenesis. The electrophotometer, that Stowell constructed and
used in the measurement of the Feulgen reaction for thymonucleic acid, can
probably be employed for similar measurement of other microchemical reactions
yielding colored products in sections. Preliminary experiments by Paletta
and Cowdry showed the feasibility of investigating intraepithelial nerve endings.
Cowdry and Evans, in several experiments on permeability, drew fluids up into
the epidermis by a modification of the old therapeutic measure of cupping and
made a few interesting observations which however did not justify any fin-
portant conclusions. Perhaps further work along this and other lines will
yield a satisfactory technique for measuring changes in permeability of the
cell membranes, the probable existence of which changes is suggested by the
swelling of the cells and the alterations in epidermal lipids and calcium.
CHEMICAL STUDIES
Further improvements have been made in polarographic analysis in experi-
ments on electrode half-cell polarography by Baumberger and Bardwell (1943)
and in the elaboration of a micromethod for magnesium by Carruthers (1943a).
7. Water content
The enlargement of the cells and the general appearance of the reacting
hyperplastic epidermis, together with the increase in displaceability of nuclear
contents, point to an increase in epidermal water content despite the constancy
of the sodium : nucleoprotein phosphorus ratio. Before accurate measurement
can be made of water content of the reacting epidermis a chamber has to be
constructed in which the epidermis can be separated from dermis iii air held
at constant humidity at 50°C. Encouraging progress is being made by Ritchey.
8. Cholesterol
Determinations of the mg. cholesterol: gm. protein ratio have proved very
interesting. The average ratio in untreated normal epidermis of 76 mice was
found to be 40.6. The ratios after different numbers of treatments with methyl-.
cholanthrene in benzene and benzene alone as control (with the numbers of
mice in brackets) are set forth in the table on p. 24.
Note that the epidermal cholesterol decreased to almost 50 per cent of normal
at 5 days and remained low so that a new equilibrium is established by the
carcinogen in this respect also; whereas there was a transitory increase after
treatment with the benzene alone (Wicks and Suntzeff, 1945).
24 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Number of Days after Methykholanthrene Benzene
treatments first treatment in benzene alone
1 2 46.1 (20) —
1 3 48.2 (24) —
1 5 25.8 (29) 62.8 (26)
1 10 27.4 (33) 79.3 (25)
2 10 20.6 (24) 82.3 (22)
3 10 23.5 (32) 54.2 (25)
6 10 — 32.6 (16)
6 14 27.0 (32) 34.4 (36)
12 30 23.4 (20) 31.4 (36)
24 60 19.5 (28) 36.7 (35)
36 90 19.5 (12) —
9. Minerals
The integration, previously restricted to changes in the Ca, Fe, Na and
ascorbic acid nucleoprotein phosphorus (NPP) ratios in the reacting epidermis,
has been extended to include K and Mg/NPP ratios. It has been found that
the K/NPP is maintained throughout without significant change. Indeed it
has showed greater constancy than any of the others, chiefly because K is present
in relatively large amounts which reduces variation between samples. The
Mg/NPP ratio was in all determinations slightly increased but never by as
much as 25 per cent. The results are indicated graphically in figure 5 (Car-
ruthers and Suntzeff, 1943; Suntzeff and Carruthers, 1944).
But to carry these analyses from the avascular epidermis into the actual
cancerous tissue has necessitated radical changes in technique. To analyse
the first cells that break loose from the epidermis and invade the dermis, and
in so doing display malignant behavior, is not feasible. A volume of cancerous
tissue sufficient for analysis had to be made available. Consequently several
squamous cell carcinomata, resulting from the treatment with methyicholan-
threne, were transplanted subcutaneously into mice of the same strain (Cooper,
Firminger and Reller, 1944). One of these behaves with great constancy, trans-
plant after transplant, and has provided an abundance of material. It was found
necessary to select for analysis very small carcinomata showing little keratiniza-
tion in which necrosis was minimal, and to make the necessary corrections for
the presence of blood; for these tumors, unlike the hyperplastic epidermises,
are vascularized.
In these cancers the ascorbic acid /NPP ratio was approximately the same
as in the hyperplastic epidermis and in the normal untreated epidermis. The
K, Mg and Na/NPP ratios, which showed little if any change from the normal
in the hyperplastic epidermises, were reduced respectively 16, 17 and 22 per
cent. The Ca/NPP ratio, which was decreased about 50 per cent from normal
in the hyperplastic epidermises, decreased further in the carcinomata; but the
Fe/NPP simply maintained in the carcinomata the decrease characteristic of
the epidermal hyperplasia (Carruthers and Suntzeff, 1944, 1944a). However
an actual decrease in the Fe/NPP of malignant tissue is to be expected because
part of the iron included in the ratio is from hemoglobin.
It was possible to carry the study of other chemical properties in the hyper-
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plastic stages into the actual cancers (thanks to the success of Cooper, Firminger
and Reller); but it has seemed best for the present not to extend ourselves too
far but rather to seek more data on the precancerous stages which can be ex-
amined by analysis of whole avascular epidermis.
Obviously all the chemical attributes of the reacting epidermis capable of
quantitative determination, including pH, should be measured and the results
integrated with our fairly complete observations on minerals because the Un-
expected may turn out to be the most important; but to do this would be quite
beyond our means. Some had to be chosen and the rest neglected. After
careful consideration we selected for study certain enzymes and vitamins.
10. Enzymes
A Warburg apparatus is being set up by Carruthers for use in some of the
enzyme determinations. We wish to discover whether enzymes change in the
direction of increase or decrease early, like the Ca and Fe/NPP ratios, and
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FIG. 5. INTEGRATION OF CHEMICAL CHANGES
(Carruthers and Suntzeff, 1944 a)
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whether they share in the new equilibrium of which we are finding so many
indications. As a side line it is proposed to test the response of normal epidermis
to injections of filtered extracts of epidermis collected early in the carcinogenic
series, and at the time of maximum frequency of the malignant change, on the
remote chance that a filterable virus is generated.
11. Vitamins
We would like to measure the vitamin A content of the reacting epidermis,
because there is some evidence that this vitamin is concerned in keratinization
of epithelium. Moreover, in the liver, vitamin A is closely bound to mito-
chondria so that one would look for some parallelism between alterations in
the former determined chemically and modifications in the latter revealed
microscopically, as for example, the results of mineral analyses can to some
extent be localized by microincineration. But this is still beyond our reach
because the techniques for vitamin A and carotenes, devised and proved satis-
factory for other tissues (Urban, Milder and Carruthers, 1943), have not been
successfully adjusted to epidermis because of its low vitamin A content.
Consequently we determined to advance in an entirely different way, by
bioassay, that is by measuring the influence of epidermal extracts containing
the vitamins of the B complex on the growth of microorganisms. Preliminary
experiments by Ritchey held promise of success. By a stroke of good fortune
it has been possible to arrange for Dr. E. L. Tatum of Stanford University, a
leader in this line of inquiry, to visit Barnard Hospital for several months and
personally to preside over the initial phases of this work. This is the second
time that Stanford University has entered into cooperation with us. The
first was the visit of Dr. P. J. Baumberger which resulted in the discovery
already mentioned of a method of separating epidermis from dermis and thus
opened up many profitable lines of chemical investigation.
1.92. Fractionation of epidermis
Evidently the next principal task was to divide the separated epidermises
into parts collectable in sufficient volume for analysis—in other words, to make
the analyses not only total for the whole epidermis devoid of dermis, but dif-
ferential for its parts. We thought that the centrifugal fractionation techniques
elaborated by Bensley and his associates at the University of Chicago for analyses
of the liver might possibly be so adjusted as to yield equally significant data on
the epidermis notwithstanding the fact that epidermal cells are so very closely
knit together.
Dorothy Ziegler chose this problem as a doctor's thesis in Washington Uni-
versity. She was sent to the University of Chicago to learn the elements of
the technique first hand from Dr. R. R. Bensley and Dr. S. H. Bensley. After
patient experimentation on her return she did manage to modify the technique
so that it would yield three fractions of both normal epidermis and epidermis
on the way to cancer formation, namely: nuclei, cytoplasm minus keratin and
keratin. She will soon publish this technique with preliminary observations
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on pure preparations of nuclei. Their appearance is illustrated in figure 6
To a remarkable degree they retain their original shape and size (Ziegler, 1945).
This new departure makes feasible the quantitative determination of some
other properties in the biological equation. These are enticing and more
numerous than we can ourselves adequately investigate. The first job, which
Zielger already has well underway, is to check the observations of alterations
in size of nuclei seen in sections (Cowdry and Paletta, 1941) by measurements
of whole isolated nuclei.
FIG. 6. NUCLEI ISOLATED FROM NORMAL MOUSE EPIDERMIS DRIED AND STAINED
MTITII HEMATOXYLIN X 960
(Dorothy Ziegler)
With the cooperation of the Mallinckrodt Institute of Radiology it may he
practicable to determine the intake of radioactive isotopes by masses of nuclei
as compared with whole epidermis and perhaps in contrast with the cytoplasmic
fraction. Apparently these nuclei, which can so readily he examined micro-
scopically as units, will afford suitable material for a polarization optical study
of the constitution of the nuclear membrane during carcinogenesis but this
would be a major undertaking which we are not in a position to begin.
What we shall try to do is to employ the ultrnmicrochemical methods of
Carruthers, which have yielded data on alterations in the whole epidermis, to
collections of nuclei made at selected stages in the response. Data previously
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reported on volumes of cells and nuclei show that it probably will be necessary
to collect nuclei from about 5 or 10 times as much epidermis for each such
determination as that originally used for the corresponding analyses of whole
epidermis.
DERMIS
These correlated histological and chemical attempts to integrate the changes
in epidermis leading up to the malignant transformation are our main concern
from which we do not wish to be sidetracked. However, the epidermis does
not live for itself and by itself hut as an integral part of the whole body. The
exchange of service between it and the underlying dermis is very immediate.
In general, alterations in the dermis in response to the carcinogen are not to
be included in our integration; because they do not occur in the epidermis in
which the cancers originate. Yet some of them may be influential extra-
epidermal factors in our carcinogenic series and as such cannot be ignored.
The difficulty is to identify and measure the important ones and to refrain
from devoting too much time to the others.
The volume and properties of the tissue fluid of the dermis should be investi-
gated; for this fluid conditions the epidermal tissue fluid, especially that between
the basal and spinous cells, which has a very direct effect on the response of
these cells to the carcinogen or to its products.
Highly significant alterations in dermal tissue fluid may indeed he expected.
To some of these the behavior of cells, resident in it, is a clue. Preliminary
observations by Paletta and Cowdry, made early in this project, demonstrated
in some cases that the mast cells near the epidermis were larger and more spread
out (ameboid) than those more deeply situated which indicates a possible
difference in the outer and inner tissue fluid. Having in mind the work of
S. H. Bensley at the University of Chicago this may perhaps point to a change
toward greater fluidity permitting more cellular movement.
13. Mast cells
The problem of mast cell responses is now being thoroughly investigated by
Cramer and Simpson (1944). These cells start to increase in number in methyl-
cholanthrene treated skin as the epidermis begins to become hyperplastic.
This mast cell reaction becomes more massive as the hyperplasia proceeds,
forming sometimes a dense accumulation immediately underneath the epidermis.
In ultraviolet light many of these mast cells show a brilliant yellow fluorescence
which is not possessed by the mast cells of normal skin or by the mast cells of
methylcholanthrene treated skin that lie in parts of the dermis more remote
from the hyperplastic epidermis (Fig. 7). In resistant animals, in which the
effect of the carcinogen does not go beyond this hyperplastic stage and no
carcinoma develops, the mast cell reaction is pronounced. When, on the
other hand, a carcinoma appears in a circumscribed area of the hyperplastic
epidermis few mast cells are visible in the carcinoma while they persist in its
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neighboring areas of hyperplastic epidermis. The study of the mast cell reaction
conveys the impression that it is a defensive mechanism against the develop-
ment of a carcinoma in the skin.
Other investigators have recently identified a group of substances, chemically
closely related to high molecular polysaccharides, extracellularly in the tissue
fluid ground-substance of connective tissue, and intracellularly in the meta-
chromatic staining granules of mast cells. Indeed, the sulphuric acid esters
of these polysaccharides are distinguished by the property of staining meta-
chromatically with such stains as toluidin blue. The polysaccharide present
in the ground substance of connective tissue has been isolated by K. Meyer
and his associates (who are not Barnard Hospital workers), and called hyaluronic
acid. It is subject to attack by a specific ferment hyaluronidase, which, when
injected intracutaneously, increases locally the permeability of the skin. This
ferment is present in the testis and less abundantly in the skin, where, by attack-
ing the ground substance of the dermis, it may promote infiltration growth, while
the material within the mast cells is shielded from its action. It has also been
found by other workers to be present in increased amounts in some malignant
tumors.
Obviously this dermal tissue fluid is regulated by a great many factors in-
cluding blood supply. We would like to know whether an equilibrium is estab-
lished in the blood supply and, if so, whether it is coextensive in time with the
chemical and structural equilibrium which has been discovered. It is desirable,
also, to ascertain the degree of uniformity in the vascular pattern throughout
the area of application of carcinogen during carcinogenesis on the chance that
a local change may be related in some way to the localized appearance of the
malignant transformation. That the disposition of blood vessels does play
a directing role in epidermal regeneration after small wounds in humans has
been shown by Bishop working in our Washington University laboratory and
the Oscar Johnson Institute. The direct relation between the increase of
alkaline phosphatase activity in basal epidermal cells and in underlying capil-
laries, observed by the Bieseles, is also interesting in this connection.
14. Sebaceous glands
Fluorescence microscopic examination of the absorption by the skin of the
carcinogen (in benzene) has shown that a large portion of the carcinogen goes
immediately into the sebaceous glands where it is found dissolved in the lipid
droplets within the gland cells. Another portion is absorbed by the keratinized
layer of epidermis where it is dissolved in the free intracellular lipids. The
sebaceous glands degenerate promptly expelling sebum with dissolved carcinogen
into the hair follicles and through them out to the surface of the epidermis.
The glands usually disappear completely by the fourth day after a single ap-
plication of the carcinogen. There is to our surprise no evidence from this
study that after the first application any of the carcinogen is absorbed directly
by the living cells of the epidermis. The unaltered methyicholanthrene disap-
pears in 6—8 days. (Simpson and Cramer, 1943).
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These observations bring us face to face with three problems. The first
is to bridge the gap between the absorbed carcinogen and the responding epider-
ma! cells. By making fluorescence spectra of the carcinogen attempts are
underway (by Simpson and Cramer) to ascertain whether it changes into some
other substance or substances which actually reach the living cells and initiate
in them the new chemical and structural equilibrium already described.
The second is to discover the role of the sebaceous glands in this particular
kind of carcinogenesis. Since it was found that when methylcholanthrene is
applied not in benzene, but dissolved in lanolin which resembles sebum, it
similarly enters the sebaceous glands but does not either destroy them or produce
FIG. 7. SECTIoN OF SKIN OF MOUSE THEATED WITH METHYLCHOLANTHRENE AND FIXED
IN FOEMALIN
The hyperplastic epidermis is above. In the dermis below are many mast cells which
fluoresce intensely in ultraviolet light. X 70. (Simpson and Cramer.)
cancer, the conclusion has been reached that the glands are in some measure
protective (Simpson and Cramer, 1943a).
An interesting extension of this work shows that the skin is altered by treat-
ment with this carcinogenetically "inactive" methylcholanthrene because it
has thereby been sensitized to subsequent treatment with methylcholanthrene
dissolved in benzene. This increased sensitivity is manifested by a great in-
crease in the incidence of cancer and by a marked shortening of the period of
induction of cancer. Thus, a possible allergic factor emerges to complicate
our analysis (Simpson and Cramer, 1944). This sensitization is not accompanied
by a decrease in epidermal iron and calcium (Simpson, Carruthers and Cramer,
1944). only 5 rather doubtful instances of abnormally enlarged chromosomes
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were detected in 2032 metaphases examined so that the chromosomes are not
greatly altered by this inactive methyicholanthrene (Biesele and Simpson, un-
published).
The third problem is on the "must" list. It will have been noticed that
the disappearance of the sebaceous glands occurs in the carcinogenic series at
about the time that the new chemical equilibrium becomes manifest and we
wish to learn the relation, if any, between the two. Does the equilibrium
merely result from an adjustment by the epidermis to loss of the conditioning
influence normally exercised by the glands?
The most direct way to answer this question is to apply to the skin some
substance which eliminates the sebaceous glands without deadening a possible
adjustment by the epidermis to their loss and without producing epidermal
cancer, and then to ascertain whether the new equilibrium has thereby been
set up in the epidermis. Information would also be helpful as to the presence
or absence of a condition resembling the said equilibrium in epidermis from an
area of skin not equipped with sebaceous glands both in the normal state and
during the response to methyicholanthrene.
DISCUSSION
Status of the new epidermal equilibrium
Difficulty in the determination of its exact relation to cancer development
is due to the fact that the analyses, on which our chemical data depend, were
made in each case of several epidermises grouped together in order to provide
sufficient amounts of tissue.
It cannot be said that the equilibrium is precancerous in the sense that it is
always followed by cancer, when, after it has appeared, events are allowed to
take their natural course and the animals live long enough. Not having analyses
of individual epidermises, we do not know whether the percentage incidence
of the equilibrium is the same as that of the malignant change. Information
is also lacking whether the equilibrium when present is spread throughout the
area of epidermis treated. If it is spread then some of the epidermis in the
new equilibrium is not precancerous in the meaning specified in this paragraph;
because the malignant change does not embrace the whole area of epidermis
treated, but is limited to a small part of it. The early establishment of the
equilibrium, coupled with the fact that if the treatment is soon discontinued
the percentage frequency of cancer development will be less than after longer
treatment, is significant. It suggests that the equilibrium can exist in some
epidermises in which later the malignant transformation does not necessarily
take pIace
Neither do the data available altogether justify the conclusion that the
new epidermal equilibrium is precancerous in the sense that it is an essential
preliminary to the malignant change in the particular cells in which the change
occurs. The chemical analyses are of whole epidermis. There is a chance
that the decreases in lipid, Ca and Fe are not all centered in cells some of which
will give rise to cancer. However the analyses thus far made of a resulting
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transplantable carcinoma revealed mineral: nucleoprotein phosphorus ratios
compatible with the view that the equilibrium, established before the cancer
developed, is partly carried over into the cancer which it antedates. In other
words, the new equilibrium appears in our series to be prerequisite to the malig-
nant transformation of certain epidermal cells, which are in the minority, and
to the subsequent growth of squamous cell carcinomata. Its place, however,
in the sequence of events is not easily defined. As already indicated, it may be
a consequence of the destruction by the carcinogen of the sebaceous glands
and the resulting loss of a conditioning influence normally exercised by these
glands on the epidermis. If this should turn out to be the case the equilibrium
might be an essential preliminary only because the carcinogen might not be
able to produce cancer without first eliminating these glands. it is conceivable,
if the glands could be protected against the carcinogen while the epidermis
itself is exposed, that the new equilibrium might not be established and that
the cancers might not have the mineral ratios which we have found. There-
fore it cannot be said that the new equilibrium is essential in our series in the
sense that the malignant transformation cannot occur in its absence. Stating
the case rather differently, the possibility still remains that the malignant
change may occur in the presence of this equilibrium or in its absence.
Information as to the presence or absence of the equilibrium and the de-
struction or persistence of the sebaceous glands in the course of development
of squamous cell carcinomata following the action of an entirely different car-
cinogen, such as ultraviolet light, would be helpful in a determination of its
role in carcinogenesis. But to obtain these data would be difficult; for, in the
experiments reported by others, treatment of skin with ultraviolet produces
sometimes squamous cell carcinomata and in other cases sarcomata, for the
radiation often passes right through the epidermis and produces its effect in
the underlying dermis. Yet it might be possible to employ less penetrating
rays and to obtain an equally high percentage, as in our series, of squamous
cell carcinomata, and thus of hyperplasias, antedating the cancers, for chemical
analysis.
Obviously, it is a very complex sequence of events in which we are trying
accurately to place this equilibrium (Cowdry, 1944). Without some concept
of what this sequence is, little progress is to be expected. Carcinogenesis can
be likened for purposes of orientation to the excitation of muscle by nervous
impulses in reflex arcs converging into a final common path. The stimuli
received by the sense organs are, like the carcinogens, of great variety. The
impulses generated by them must cross the synapses between nerve cells in
series. At these synapses the resistance is greater than in the course of the nerve
cells and time is lost. The chemical changes produced by the carcinogens
probably take place likewise in sequence. One may require time to build up
suffieient strength adequately to generate the next. Reflex arcs leading into
the same final common path are of different lengths, some made up of but few
nerve cells and others of many. In the former the response is quicker. Some
carcinogens certainly act more promptly than others in the production of the
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same kind of tumor; but whether this is due to differences in the number of
chemical events in series, or to differences in their quality, is unknown. In-
current influences, acting at the synapses, can modify the speed and force of
the impulses funneling into the motor cells of the final common path, as in
conditions of hyperexcitability, depression and cortical inhibition. Incurrent
influences can also speed up or delay the chemical processes leading to the
malignant transformation; but they are less well known. The final kick de-
livered by the motor cells to muscle is the same quite irrespective of the character
of the initial stimulus and the length of the reflex arc carrying the nervous
impulse and it produces the same response, contraction. The ultimate in-
fluence brought to bear on susceptible cells in carcinogenesis is presumed to be
the same irrespective of the character of the carcinogen, and the length of time,
because the same, or a closely related, malignant transformation results.
The great difficulty, in an analysis of the processes that take place in the
sequence, is that they are not conveniently localized in space, but all occur in
the same area, the later ones stamping out traces of the earlier ones. The new
epidermal equilibrium, with which we are here concerned, is probably a condition,
or state of affairs, in which the malignant transformation can take place. But
its exact status remains obscure. We do not even know whether the malignant
change just happens to occur in epidermis so altered or with this carcinogen,
and in this tissue, the new equilibrium constitutes an essential step in carcino-
genesis. If it is an essential step, there is no evidence as to how far it is removed
from the final influence effecting the transformation. The actual transformation
is usually thought to be a sudden and irreversible modification in the cells
that makes them behave in a malignant fashion. But the idea of suddenness
has little support in our observations. The only way that transformation
thus far can be dated in the sequence of events leading to squamous cell car-
cinomata is to note the time when the cells break loose from the epidermis, invade
the dermis, and in so doing exhibit malignant behavior. It is possible that
before this happens the change conditioning malignancy has taken place; but
the cells, still locked in the epidermis, cannot so behave. For this reason one
has to look diligently for evidences of atypical structure in localized areas of
epidermis in this new equilibrium and for factors that may produce a loosening
of the cells.
The project expands
We likened the direction of this project to that of a military offensive in which
all available striking power is concentrated on a strictly limited but very care-
fully chosen sector of the front. A break through is achieved when an fin-
provement in technique is made which opens up so many lines of advance that
care must be exercised in the selection of those of greatest strategic importance.
Thus, discovery of a satisfactory method for the collection of whole reacting
epidermis, cleanly separated from the underlying dermis, in a condition suitable
for chemical analysis, constituted a break through the front because it permitted
for the first time accurate analysis of many components of epidermis of which
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we chose minerals and lipids to begin with and are now concentrating on enzymes
and B-vitamins.
In the same way, the more recent adjustment of the centrifugal fractionation
technique to epidermis involves, also, a break through since it enables us, like-
wise for the first time, to collect fractions of the responding epidermis in a condi-
tion suitable for accurate examination by many procedures from which we can
only select a few, for it would be unwise to spread our offensive too wide and
too thin. Cooperation with other institutions better equipped and financed
than Barnard Hospital is invited because the more extensive this integration
of the changes the more valuable it will become. Moreover, we shall be glad
to relinguish any of these lines of inquiry to others better able to carry them
out for the results are important, not who gets them.
In this project two principal objectives are held in mind. The first, as already
explained, is to discover how, in an experimental situation made as simple and
uniform as possible, cancer develops in previously normal tissue. The second
is, in due course, to utilize this same carcinogenic series in even more compre-
hensive experiments designed to inhibit the development of cancer. Self
restraint is required to postpone these efforts to help the tissue to withstand
a measured impetus to cancer formation until, strengthened by increased
knowledge, expectation of success increases to the point of justifying devotion
of all our resources to the job, Even now, we are in a somewhat better position
wisely to plan these experiments, than we were 8 years ago. Results described
in this progress report suggest at least two lines of advance.
The first, and obvious one, is to try to protect the cells giving rise to the
cancers against the carcinogen applied to the surface of the skin—that is, to
ward off the influence before it becomes effective. It would be logical to ex-
tend the observations by Simpson and Cramer of the path taken by the entering
carcinogen with the idea of placing obstacles in its way. From examination
of the spectra of its fluorescence en route, it would be possible to detect changes
in its composition, if such take place. It is as yet unknown whether the methyl-
cholanthrene itself or some product (or products), generated in the tissue,
actually initiates the malignant transformation, or paves the way for it to
take place by establishing the new chemical equilibrium which we are beginning
to understand better. If the methyicholanthrene itself is the actual carcinogen
and the product or products are harmless, then steps to hasten its change would
be indicated. Conversely, if danger resides in the products they, in turn,
should be followed and measures devised to invalidate them.
The second line of investigation is to profit by what has been discovered
concerning the features of the new chemical equilibrium and to attempt both
to prevent its onset and, after it has developed, to restore th normal equilibrium
which is not precancerous. Stated more precisely, experiments should be
directed toward maintenance of normal lipid protein nitrogen and Ca and Fe
nucleoprotein phosphorus ratios despite application of carcinogen.
Optimism that effective methods eventually will be devised to prevent the
malignant change from developing, after the impetus to it has been delivered,
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rests on the fact that not all the mice develop cancer equally. Though all of
them be of the same strain, sex and approximately of the same weight and are,
to the best of our ability equally treated with carcinogen, there is some individual
variability in the response. For reasons unknown the cancerous change is
delayed in some of them. Cramer and Stowell's observation that, after small
doses of methyicholanthrene, only a fraction of the animals develop cancer
shows that these inconspicuous factors can make all the difference in the outcome.
In our standard series the dosage with this most powerful of chemical carcinogens
is really overwhelming. Inhibiting influences might be more readily brought
to light by attempts to reduce the percentage of takes after less dosage—an
experimental condition more truly reflecting cancer development in human
beings in whom the exposure to carcinogen is often but slight, though frequently
repeated or of long standing, and in whom the individuality factor is much
greater than in these pure strain mice. The suggestion by Simpson and Cramer
of an allergic factor in our series raises the problem of the possible existence
of specific hypersensitivity to carcinogen in man and opens up a new field of
endeavor.
Hope also may be derived from the fact that cancer production is experi-
mentally modifiable even in our heavy dosage standard series. By injections
of estradiol benzoate Paletta and Max (1942) increased, to a surprising degree,
both the percentage incidence and the speed of development of the cancers.
Discovery of the true mechanism of this acceleration might well supply hints
as to means of retardation. The fact that young New Buffalo mice develop
more cancers more quickly than old ones similarly treated with methylcholan-
threne shows that the response is modified by age factors (Cowdry and Suntzeff,
1944). Consequently the differences between young and old epidermises of
these mice should be unearthed with the intention of partially inhibiting the
response by intensifying the properties of old epidermis. These two workers
also observed a strain difference in the response which likewise should be in-
vestigated. Young CBA mice are much more resistant than young New Buffalo
mice. It may be that their epidermises are significantly different.
But, bearing in mind the simile of all that goes into the final common path
of carcinogenesis, the experiments should not be limited to altering the epidermis
in a few ways. Because the most effective means of preventing the development
of cancer after its exposure to carcinogen may be something entirely unsus-
pected, and the goal of its discovery is so very desirable, it is almost criminal
to Wait for new clues. Rather it is the duty of some strong research organiza-
tion immediately to experiment with thousands of mice and compare the pre-
cancerous responses to a single carcinogen after the tissue has been subjected
to hundreds of different influences.
Two levels in our problem have been mentioned: first, the changes in epidermis
leading up to the malignant transformation, and, second, the experimental
inhibition of the changes based on data as to their character. On a third level
is the investigation of differences existing between the cells which have attained
malignancy and their normal ancestral epidermal cells as a logical basis for
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work on the fourth level designed to bring to light satisfactory methods for
converting the malignant cells, or their descendents, back into useful members
of the community or for destroying them without at the same time killing a
dangerously large number of essential normal cells. Obviously experiments on
this fourth level, as on the second, should be undertaken without delay by those
capable of performing them likewise on a large scale without counting the cost
in time or in money. Until the spirit of "must" which has achieved so much
in "essential" research relating to the world war is brought to bear in the war
on cancer, work will continue in a small way and the day of delivery from this
scourge long will be postponed.
General conclus'ion
It seems to us that results obtained thus far in the observation and integra-
tion of changes in a single tissue (epidermis) of similar mice, treated in the same
way by a single carcinogen, clearly justify several general conclusions concerning
research on cancer.
(1) That a single Institution can to advantage concentrate all its efforts
on one carefully chosen project over a long period of years with the members
of the team changing from time to time but the program remaining the same.
(2) That, when this is done, numerous highly desirable and promising lines
of investigation open up, all definitely bearing on the project so that, if the
institution is a small one, unable to expand, outside cooperation should be
invited.
(3) That, while the attack by individuals on the cancer problem from many
angles should by all means be encouraged, for no man can tell where the goal
will be reached, the time has come for the launching of several major institutional
efforts backed by financial endowment which reflects a true appreciation of the
importance of overcoming cancer and permits long time concentrated research
devoid of worry about how the next year's expenses can be paid.
SUMMARY
In the period under review a clearer picture has been gained of the changes
that occur in the epidermis of mice in response to the application to it of methyl-
cholanthrene by the constructive measurement of additional properties. For
convenience these are summarized under the same numerical headings of their
description in the text of this report.
1. No significant alteration in mitotic frequency was observed in epidermis
examined at 6 and 12 hrs. after a single application of carcinogen; but subse-
quently the frequency increased.
2. As a basis for differential counts of mitotic frequency in the several epider-
mal layers it was observed that the percentage frequency is greater in the
spinous than in the basal layer of the normally thick epidermis of footpads of
mice given colchicine.
3. The earliest example of chromosome enlargement was found 48 hrs. after
a single application. At 3 days the percentage frequency of this modification
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increased to 13; it then subsided and remained fairly constant at 10, 20, 29
and 57 days; after which the frequency increased considerably and was over
50% in the resulting cancers.
4. A marked increase in cytoplasmic ribonucleic acid was observed at 12 hrs.,
the maximum was reached from the 3rd to the 10th day when the amount
dropped to an intermediate value by the 57th day only to rise again in one cancer
studied.
5. The alkaline phosphatase activity of the nuclei of basal cells and in the
reticular layer of dermis was considerably increased on the 2nd and 3rd days.
It then decreased as epidermal hyperplasia progressed and hair follicles were
destroyed. Finally it increased greatly and to about the same degree in papil-
lomata and in carcinomata.
6. No conspicuous alterations were observed in the mitochondria in early
stages of the response, but this line of inquiry remains to be completed.
7. A beginning has been made in the very difficult task of measuring any
changes that may occur in the epidermal water content.
8. The mg. cholesterol/gm. protein ratio was decreased to almost 50 per cent
of normal at 5 days, and remained low up to 60 days, so that a new equilibrium
is established in this ratio also.
9. The K/NPP ratio showed greater constancy than any other mineral ratio
during the precancerous hyperplasia; while the Mg/NPP ratio was slightly
increased. In a transplantable methylcholanthrene squamous cell carcinoma
the ascorbic acid and Fe/NPP ratios showed no significant change from those
in the precancerous hyperplastic epidermis; whereas the K, Mg and Na/NPP
ratios were decreased respectively 16, 17 and 22 per cent and the Ca/NPP
ratio was decreased about 50 per cent.
10. A Warburg apparatus is being set up for enzyme determinations.
11. The bioassay of B-vitamins has been commenced.
12. A method has been devised for the centrifugal fractionation of epidermis
which permits collection en masse of three fractions: pure nuclei, cytoplasm
minus keratin and keratin.
13. Some changes in the underlying dermis have been investigated. An
increase in the number of mast cells proceeded generally parallel with the in-
creasing epidermal hyperplasia. It reached a maximum just before cancer
developed after which it was sharply reduced in the cancer
14. The sebaceous glands degenerated promptly expelling sebum with dis-
solved carcinogen into the hair follicles and through them on to the epidermal
surface. There is as yet no evidence that any of the carcinogen is absorbed
directly by living epidermal cells after a single dose. When carcinogen was
applied, not in benzene but dissolved in lanolin, which resembles sebum, it
entered the sebaceous glands but did not destroy them, or produce cancer,
indicating that the glands are protective. Skin treated with this carcino-
genically inactive methylcholanthrene was thereby sensitized to subsequent
application of methylcholanthrene in benzene, which observation raises the
question whether an allergic factor operates in this particular carcinogenic
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series. The sensitization was not accompanied by a decrease in epiderinal iron
and calcium.
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DISCUSSION
(1) DR. JosEPH (Albany): I think this is a fascinating work. The difficulty with a
cancer problem is to simplify it, and the author did so extremely well. This fits in so well
with the president's address; it is just the sort of thing he urged. Whenever any young man
eomes to me for advice I always urge him to go into dermatology. One point I always make
is, don't compromise. There is no use training if you do not plan to get down to funda-
mental study, laboratory work, learning directly from the basic science, and then go back
to dermatology.
(2) DR. MARION B. SULZEERGER: I was naturally impressed by these extensive and
careful studies. I would like to ask Doctor Cowdry whether there are negative animals in
this series, i.e. any animals which did not develop carcinomas, and if so, what changes
these animals show?
It would be extremely interesting to find out how much the observed alterations are
direct methyicholanthrene effects, and how much of the changes are the result of the be-
ginning of the malignant change itself. I am afraid that in this series one cannot dis-
tinguish very clearly between these two effects. In other words, perhaps normal epidermis
would respond to applications of methyicholanthrene with precisely the changes observed
even if no carcinogenesis ensued.
I have long been interested in the subject of sensitization of the epithelium, and I tried
to relate the idea of specific sensitization of the epithelium to carcinogenesis. The hypoth-
esis was that the carcinogen first sensitized epithelium, and that eventually the damage
produced by subclinical allergic reactions would lead to carcinoma.
To test this hypothesis it should be easy enough to apply for instance methyicholan-
threne, and then, 5 to 10 days later, test the animals' skins to see whether or not they would
react to dilutions of methyicholanthrene which would not produce reactions in epithelium
which had never previously been exposed to methyicholanthrene. Also, one might cor-
relate any carcinoma-susceptible or carcinoma-refractory mice with susceptibility or re-
fractoriness to sensitization with methyicholanthrene. In other words, those that showed
sensitization might develop carcinomas, while those which were not sensitized would not
respond with carcinomas. One could examine this by employing different strains of mice
with different susceptibilities to carcinogenesis; or by using a mixed strain in which only
certain individuals were susceptible to the carcinogenic action.
(3) DR. HAMILTON MONTGOMERY: Doctor Cowdry is to be congratulated in having such
a fine team of investigators working with him. His experimental work in animals, es-
pecially the precancerous changes in mice, correspond to those seen in so-called precancer-
ous dermatoses of the skin in which the cytologic changes are those of a squamous epitheli-
oma in situ. I have limited precancerous dermatoses to senile, roentgen, arsenic and tar
keratoses aad true cases of Bowen's disease and leukoplakia—all of which present the
same histologic features of a squamous cell epithelioma in situ with phenomenon of in-
dividual cell keratinization. In one instance, as in senile keratosis, light is a precipitating
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factor, arsenic is the precipitating agent in another and, certain tars in still another. I
hope Doctor Cowdry and his associates will be able to carry out investigative work in
animals regarding the effects of various wave lengths of light as well as studies regarding
arsenic as a carcinogenic agent. In the human being, one may see senile keratoses persist
as such without change in size or shape over a period of a great many years without showing
clinical or histologic evidence of malignant invasion.
(4) Da. SAMUEL M. PECK: I think this paper is fascinating, and apropos of Doctor
Sulzberger's remarks, I think that his suggestions are important.
About twenty years ago, when I was working in Bruno Blocli's laboratory in Zurich, he
suggested a problem to me on the carcinogenic potency of various tar fractions, which seems
to have a bearing on the presentation today. He introduced a sulfur radical into a number
of tar fractions which produced a marked inflammatory reaction when applied to the epi-
dermis of the mice. Other tar fractions produced very little inflammation. In a large
series of experiments I was able to show thatthe carcinogenic properties of the tar fractions
were not dependent on the amount of irritation, that is amount of inflammation they pro-
duced in experimental animals. In other words, carcinogenic tar fractions produced
specific inflammatory reactions; some of the tar fractions especially those containing sulfur
which produced the most marked inflammatory changes in the skin failed to produce car-
cinogenic changes. It is important to stress this point when we are dealing with an inbred
strain of mice with marked potentialities for carcinoma production following irritation.
In such mice such a difference may be lost sight of. We concluded from our experiments
that it is not inflammation as such but a specific inflammatory change dependent to a large
extent on the chemical structure of the chemical agent used which was responsible for the
malignant changes.
(5) DR. STEPHEN ROTHMAN: One of the most fascinating points in this work has been
the use of the new method of Cowdry and associates of separating the epidermis from the
dermis. The old method of Unna, consisting of maceration of the skin in acetic acid as
well as my method of acid pepsin digestion both not only separate the two layers but also
damage cells and fibers. The new method of separation by mild heat, as published in 1942,
has been a great discovery from the point of view of dermatologic investigation. It has
been shown that the change caused by mild heating is reversible, and obviously this proced-
ure does not change the chemical composition of cells and fibers. The method has made
it possible to analyze chemically epidermis and dermis separately in any kind of cutaneous
lesion.
I would like to ask one question concerning the interpretation of the phenomenon. What
is the evidence for colloidal changes in the collagenous fibers? I always have assumed that
between the epidermis and dermis there must be a cementing protein substance with specific
properties, more vulnerable than cell proteins, fibers and interfibrillary substances. One
may imagine that this substance undergoes a reversible colloidal change at 49°C. It
"melts", so to say, at this temperature and "solidifies" again when it cools off. Epider-
molysis bullosa may be interpreted as a hereditary weakness of this substance.
(6) DR. THEODORE CORNBLEET: Is this effect permanent? Will these changes continue?
(7) DR. ELLWOOD C. WEIsE: Was this a single application of the carcinogen or multiple?
(8) DR. FEED WEIDMAN: I bring up a point previously touched on: whether these
changes, chemical and physical, are necessarily purely carcinogenic, or could it be only
an inflammatory factor that is involved? That problem could be approached by producing
experimentally some of the pseudoepitheliomatous hyperplasias, such as occur in connection
with granulomas. These could be produced and analyzed along the same lines as was
described by the author.
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Another thought that occurred was this: mitoses are different in number in mice in the
daytime and at night. I am sure that the author has covered this point, but is there a pos-
sible dietary or other factor influencing the figures? Would the results be the same in mice
analyzed at morning and night time?
(9) Da. E. V. CowDay: In reply to Dr. Sulzberger's questions, I would say that in the
highly susceptible strain of mice we use I do not believe there are any animals that are
absolutely negative. Some come along more slowly than the rest, and these do not exhibit
the same mast cell reaction. In the chemical studies epidermis must be collected from
several mice in order to get enough for analysis. There is obviously included muck epi-
dermis which does not become malignant, for the malignant transformation takes place
only in a small area or areas.
It is important to remember that the experiments which I have described have been
made by many workers of whom I am but one. We are a closely integrated team.
In answer to Dr. Peck, I don't see how we can clearly distinguish between inflammatory
changes and carcinogenesis. I think that there is some inflammation in the ordinary mean-
ing of that word. The marked depression in calcium and iron, found in epidermis made
hyperplastic by methyleholanthrene, is carried over into the resulting transplantable carci-
nomata. Attempts should be made to determine whether calcium and iron are similarly
depressed in typical inflammatory lesions which are not precancerous.
Concerning Dr. Rothman's question "a specific cementing substance" may exist which
holds the epidermis and dermis together. We think, however, that it is the collagethc fibers
which are primarily involved and that their binding influence is loosened both by increase
in temperature and acidity. One of my slides showed a kind of vacuolation spreading along
the line of union between epidermis and dermis, and microscopically the collagenic fibers
look altered; but the claim is not made that a change of their substance from gel to sol is
the sole factor which permits easy separation of epidermis from dermis.
In reply to Dr. Cornbleet, I think that by these changes a new equilibrium is established
in the hyperplastic epidermis, which, if the treatment with carcinogen is sufficient, persists
until in a very high percentage of cases localized malignant lesions appear. It may well be
that after very slight treatment with carcinogen the changes may be of but brief duration
and may not be followed by cancer. We have started some work with x-ray to ascertain
whether this physical agent brings about similar alterations in the epidermis, but have not
progressed very far. It would be logical also to analyse epidermis subjected to ultraviolet
light of the wave length that causes cancer.
In reply to Dr. Weise, cancer can follow either single or multiple applications of methyl-
cholanthrene. In our early experiments we always employed multiple applications. Now
in some experiments we only apply it once.
It would be highly desirable to analyze the other hyperplasias which Dr. Weidman has
referred to. In connection with the number of mitoses he probably has in mind the studies
of Cooper and Schiff. These investigators discovered that mitoses were about twice as
frequent in human epidermis of foreskins circumcised by night as by day. Then Cooper
and Franklin observed that this was completely reversed in mice. That is in humans, few
mitoses by day, and in mice many by day. That these rhythms in mitotie frequency should
be due to diet seems unlikely. We have not analysed epidermises by day and by night, when
in mice mitosis is maximal and minimal.
